The ability to transport thiamine in Escherichia coli was reduced by osmotic shock treatment with a concomitant release of a thiamine-binding protein; its formation was repressed by thiamine added to the growth medium.
The uptake of thiamine by Escherichia coli has been demonstrated to be mediated by an active transport system which is metabolically controlled by repression and derepression (4, 5) .
In recent years a number of binding proteins released by osmotic shock have been shown to bind small molecules (3, 7) such as sugars, amino acids, sulfate, and phosphate, and evidence has accumulated to implicate these proteins in the active transport of the molecules which they bind (9, 10) . With regard to proteins binding vitamins, Hayashi and Nishimune (2) first described the occurrence of a thiaminebinding protein in a thiamineless mutant of E. coli.
In this communication we report that the capacity for thiamine uptake in E. coli was reduced by osmotic shock treatment with a concomitant release of thiamine-binding protein and that the decreased uptake of thiamine by cold-shocked E. coli was partially restored by the addition of concentrated shock fluid. We also demonstrate that shock fluids from the cells of E. coli repressed for thiamine uptake showed a corresponding decrease in binding capacity.
E. coli KG 33, which is a derivative of E. coli K-12 and requires either thiamine thiazole or thiamine for growth (4) , was grown to early stationary phase at 37 C in Davis and Mingioli's minimal medium (1) containing 0.02 uM thiamine thiazole.
The cells were cold-shocked by the method of Neu and Heppel (8) , and the shock fluid was concentrated in vacuo. Figure I shows the effect of osmotic shock on the time course of thiamine uptake and the restoration by concentrated shock fluid of thiamine uptake in cold-shocked E. coli. The rate of accumulation of thiamine by osmotically shocked cells decreased to one half of that of the unshocked control cells, and this activity was partially restored by the addition of concentrated shock fluid. Figure 2 shows a presence of thiamine-binding activity in a crude shock preparation after gel filtration through a Sephadex G-100 column. Protein peak II was coincident with a radioactive peak (protein-bound thiamine), and unbound thiamine eluted from the column just behind peak I I. The radioactivity associated with the protein in peak II was completely released by heating at 100 C for 10 min and by treatment with 5% trichloroacetic acid. The apparent dissociation constant for thiamine binding was calculated as 10-7 M from the double reciprocal plots after equilibrium dialysis. Figure 3 shows the effect of thiamine added to the growth medium on thiamine uptake by E. coli KG 33. As previously reported by Kawasaki and Esaki (5), the rate of thiamine uptake decreased depending upon the concentration of thiamine in the growth medium, indicating that the formation of thiamine transport system in E. coli is repressed by an excess amount of thiamine added to the growth medium. In addition, the rate of thiamine uptake was roughly proportional to the thiamine-binding activity in shock fluids from the cells. On the other hand, the presence of adenine in the growth medium, which was reported to cause an increase in the rate of thiamine uptake in E. coli K-12 (5), stimulated thiamine-binding activity in shock fluid from E. coli K-12 1.5-fold at 2 mm and 4-fold at 5 mM.
These results suggest that the repression of thiamine transport in E. coli is associated with a decrease of ability to form thiamine-binding protein in the cells, although an exact role of thiamine-binding protein in the transport process is unknown. Effect of thiamine added to the growth medium on thiamine uptake and in vitro thiamine-binding activity by E. coli KG 33. E. coli KG 33 was grown in 500 ml of minimal medium containing various concentrations of thiamine as indicated, and the rates of thiamine uptake were determined. The thiamine-binding activity in shock fluids was assessed by equilibrium dialysis experiment as follows. The dialysis bags containing 0.5 to 1.0 mg of protein, as measured by the procedure of Lowry et al. (6) , in a total volume of 1.0 ml were first dialyzed against 500 ml of 0.2 M phosphate buffer (pH 7.0) at 4 C for 5 hr to remove free thiamine, and then they were equilibrated with 500 ml of 0.2 M phosphate buffer (pH 7.0) containing 0.02 AM 14C-thiamine (25 mCi/mmole) at 4 C for 20 hr. Equilibrium was attained under these conditions, and the amount of thiamine bound to protein was calculated by subtracting the radioactivity of the dialysate from that in the tube. Thiamine-binding activity was expressed as the amount of thiamine bound per milligram of protein. Linearity of the assay was attained with 0. Further purification and examination of the physical and chemical properties of this protein are in progress.
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